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DELIVERING DATA OPTICALLY TO AN INTEGRATED CIRCUIT 



TECHNICAL FIELD 

This invention relates to delivering data optically to an 
integrated circuit. 

BACKGROUND 

In integrated circuit (IC) design there are areas of 
concern for designers: IC density and size, IC power 
dissipation, and IC speed. The IC, containing many millions 
of sub-micron transistors, has become more dense and smaller 
in size. The power dissipation per square area has increased 
but it is reduced when the IC is powered with a low voltage. 
A metal trace provides DC voltages and electronic digital data 
to an integrated circuit at a maximum data rate at about 
500MHz. 

SUMMARY 

In general, in one aspect, the invention is directed to a 
system including a multi-sided module having a cavity housing 
a substrate, n photoreceivers located on a side of the 
substrate and adapted to receive a beam of collimated light 
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directed by a waveguide and an integrated circuit (IC) 
positioned at the substrate to receive output from the 
photoreceiver . 

This aspect may include one or more of the following 
5 features. The system has a beam of collimated light that 

includes a first laser light packet. The laser light packet 
includes a first set of n laser light pulses. The beam of 
collimated light comes from a network. The n photoreceiver s 

■illl 

3 are connected to a first set of n transistors and include n 
fflO photodetectors for converting the first set of n laser light 
if\ pulses to a first set of n electronic pulses and n receivers 

for converting the first set of n electronic pulses to a first 
'^^ digitized packet. The system also includes a first set of n 
■S! latches for storing the digitized packet, and a first set of n 

' 15 buffers for amplifying and delivering the first digitized 
packet from the first set of n latches to the IC. In 
addition, the system includes a second set of n transistors 
activated by a clock pulse, the second set of n transistors 
transferring the first digitized packet to the first set of n 
20 latches. The system includes a second set of k latches for 
storing a second digitized packet sent by the IC, where k^l^ 
the second digitized packet having a second set of k 
electronic pulses, and a second set of k buffers for 
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amplifying and delivering the second set of k electronic 
pulses to a multiplexer. 

The system also includes a laser controller for receiving 
a series of k electronic pulses from the multiplexer and a 
5 laser light source receiving an input from the laser 

controller and sending a second laser packet having a second 
set of k light pulses to the network. The system may have k = 
n, where n>l . The substrate includes a first surface and a 
second surface opposite to the first surface^ the first 
©BO surface is in contact with the module and the sides of the 
Vl substrate and the second surface are not in contact with the 
/it,. module. The beam of collimated light is injected horizontally 

into the substrate. Multiple wavelengths are injected into 
S: the substrate at once. 

" 15 In general, in another aspect, the invention is directed 

to a method that directs a beam of collimated light through a 
waveguide positioned at a multi-sided module towards n 
photoreceivers located at a side of a substrate contained in a 
cavity of the module; and sends an output of the n 
20 photoreceivers to an integrated circuit. 

Embodiments of the invention may have one or more of the 
following advantages. The system provides optical data to an 
integrated circuit at 1 GHZ and beyond. By having the 
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photodetectors on the sides of the substrate, design 
improvements can be made at the module at a greater cost 
savings than the more costly design changes at the substrate 
that can be an IC chip. The high yield of the IC chip remains 
intact since the aggressive processes are directed to the 
module. Since the photodetector is part of the substrate^ 
there is no need for additional layers and masks or other 
special manufacturing processes. 

Lateral injection of laser light to the IC chip is 
possible which improves the frequency and the dynamic range of 
the photodetector. In the proposed configuration, the 
photodetector becomes extremely sensitive to laser light of 
energy in the aJ (atto Joule) range. 

Multi-wavelengths of laser light can be used 
simultaneously to increase significantly the data transmission 
rate . 

DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross-sectional view of an optical delivery 
system. 

Fig. 2 is top view of the optical delivery system with an 
integrated circuit chip removed. 
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Fig. 3 is a side view of a part of the optical delivery 
system. 

Fig. 4 is a diagram of a set of photodetectors . 

Fig. 5 is a functional diagram of a front-end of the 
optical delivery system. 

Fig. 6 is a timing diagram of Fig. 5. 

Fig. 7 is a functional diagram of a back-end of the 
optical delivery system. 

Fig. 8 is a timing diagram of Fig. 7. 

Fig. 9. is a top view of an integrated circuit chip. 

Fig. 10 is a second example of an optical delivery 
system. 

DETAILED DESCRIPTION 

Referring to FIG. 1, an optical delivery system 10 
receives data in the form of a laser packet from an optical 
network 12 and delivers the data to an integrated circuit (IC) 
chip 14 through waveguides 16a-b positioned inside a module 
18. IC chip 14 is a substrate that includes an array of n 
photoreceivers 20 and an IC 22, where n>l . IC chip 14 can be 
made of silicon, SiGe, GaAs or other substrate material 
suitable for IC fabrication. n photoreceivers 20 include n 
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photodetectors 24 and n receivers 23. IC chip 14 receives the 
laser packet at n photodetectors 24. 

By sending information optically, rather than 
electronically, IC chip 14 may receive data, for example, at 
5 10-100 GHz or an optical data rate of 10 to 100 Gbits/s. If 
an electronic data delivery system was used to send electronic 
data through metal traces 26a and 26b instead of waveguides 
16a and 16b, high frequency inputs would induce resistor- 
Cl capacitor (RC) signal delays because of the resistivity of 

Ho metal traces 26a and 26b. These RC signal delays can cause a 
W bottleneck in the information flow at approximately 500 MHz 
^^"^ and above. Thus, the optical delivery system 10 offers a 
Iri faster rate of data delivery. Metal traces 26a and 26b are 

In used in optical delivery system 10 to supply power to various 
:M5 components in IC chip 14 and drive low frequency signals that 
are used, e.g., for burn-in chip stress and test. 

In this example, referring to FIGS. 1-3, IC chip 14 is 
positioned within a cavity 28 of module 18. A first set of 
solderballs 30 are positioned at a first surface 32 of IC chip 
20 14 and are connected to a second set of a solderballs 34 

located at a bottom portion 36 of cavity 28. Solderballs 30 
and 34 serve as interconnections so that the power supplied 
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through metal traces 26a and 26b can power components of IC 
chip 14. 

Packets of laser lights in the form of monochrome laser 
light, are injected horizontally through the waveguides 16a 
and 16b and pass through a free space 38 before hitting the n 
photodetectors 24 at a sidewall 40 of IC chip 14. 

When the substrate is silicon and the technology is a 
complimentary metal-oxide-semiconductor (CMOS tech.), the n 
photodetectors 24 can be simple photodiodes of one layer n- 
type and one layer p-type such as N-well/P~ substrate 
photodiode. Laser light with energy exceeding a forbidden 
energy gap of n photodetectors 24 is used so that when laser 
light is injected into IC chip 14, generated photocarriers in 
a depleted junction 42 will immediately be swept out of 
depleted junction 42 due to an existing electric field. The 
horizontal injection of light to n photodetectors 24 has the 
advantage of defining the affected depth of the substrate by 
light. This improves the ability of the n photodetectors 24 
to function at high frequencies by reducing a vertical 
diffusion time of the photocarriers in IC chip 14. 

System 10 can have many configurations. In a first 
configuration, single waveguide 16a is facing single 
photodetector 24 as shown in FIG. 3. Waveguide 16a is 
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fabricated so that waveguide 16a is wider at an exterior 
sidewall 44 of module 18 than at an interior sidewall 46 of 
cavity 28 as shown in FIG. 3. For example, at interior 
sidewall 46, the area is 20 X 5 square microns, where a width 
5 42a of depleted junction 42 is 20 microns, and depth 42b of 

depleted junction 42 together with the depth of photodetector 
24 is 5 microns. At exterior sidewall 44, the area of 70 x 70 
■r^: square microns accommodates the end of an optical fiber core 
,fi of 50 X 50 square microns. With this waveguide construction, 
|9o the horizontally injected laser light will only affect 
V\ depletion junction 42 and photodetector 24 of IC chip 14. 

In a second configuration waveguide 16a is facing an 
;^''^! array of photodetectors 24a-c as seen in FIG. 4 where interior 
S sidewall 46 will have different dimensions than the first 
■ 15 configuration to accommodate the array of photodetectors 24a- 
c. The area of interior sidewall 46 of waveguide 16a will be 
large enough to cover a zone 43 and the area above the zone 
43. 

Other configurations include having multiple waveguides 
20 applied to the first or second configuration. When the 

substrate is silicon it is preferred that a short wavelength 
of laser light of typically 850 nm be chosen for high 
efficiency but with a penetration depth of approximately 45 
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microns into the silicon. A lower wavelength 450 nm will 
minimize the penetration depth into IC chip 14 to a few 
microns and the efficiency will decrease to about 30%. 

Referring to FIG. 4, n photodetectors 24 convert a packet 
of n laser light pulses to n electronic pulses. Initially, n 
photodetectors 24, e.g. photodetector 24a, photodetector 24b, 
and photodetector 24n, are connected to a DC reverse voltage 
by photodetector controllers of n transistors of MOS, 
transistor 48a, transistor 48b, and transistor 48n. 
Photodetectors 24a-n are optically insensitive to light such 
that a light beam hitting the photodetectors 24a-n will not 
disturb their DC reverse voltage. The DC reverse voltage 
causes depleted junction 42 to extend to a depth 42b into the 
substrate of IC chip 14. Later when photodetectors 24a-n are 
released from the DC voltage, each of them will be very 
sensitive to laser light to about 500 photons by laser-pulse. 

The incoming light pulses are identified by a separate 
clock recovery circuit (not shown) . The clock recovery 
circuit recognizes the frequency of the incoming light pulses 
and provides clock signals CLKl, CLK2, and CLKn for the n 
transistors 4 8a-n . 

The speed of the laser source defines the maximum number 
of n photodetectors 24 that receive light from waveguide 16a. 
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For example, if the laser source operates at 100 GHz and n 
photodetectors 24 operate at a speed of 1 GHz maximum 
frequency, the laser source can provide packets of 10 pulses 
maximum. Therefore, an array of ten photodetectors 24 facing 
waveguide 16a is needed. 

Referring to FIGS. 4 and 5, when packets of n laser light 
pulses, e.g. packet 50a and packet 50b, radiate in parallel n 
photodetectors 24a-c and the junction depletion level 42, 
clock pulse CLKl releases photodetector 24a from DC voltage. 
By releasing the DC voltage, the voltage at photodetector 24a 
is no longer fixed but floating, allowing photodetector 24a to 
detect a first light pulse bitl of the packet 50a. In the 
following time periods, clock pulse CLK2 will release 
photodetector 24b to detect a light pulse bit2 of the packet 
50a, and clock pulse CLKn will release photodetector 24n to 
detect a last light pulse bitn of the packet 50a, according to 
the timing diagram shown in FIG. 6. Thus, n laser light 
pulses are electronically converted to n electronic pulses. 

In a more complex system utilized for wider bandwidth of 
data transmission, waveguides 16a-b are used for driving 
multiple wavelengths of laser light simultaneously. In such a 
configuration, multiple packets are coming in parallel so that 
each will be detected by their corresponding arrays of n 
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photodetectors 24. The more complex system contains many 
channels of data traveling in parallel where each channel is 
realized within a waveguide and its corresponding single or 
array of photodetectors as in FIG. 4. 

Referring to FIG. 5 and 6, the n laser light pulses are 
converted by n receivers 23 to a digitized packet. A clock 
signal LCH will activate transfer transistors 52 to store the 
digitized packet in n latches 54. A signal EN will enable n 
buffers 56 to amplify and deliver a digitized packet, e.g. 
digitized packet 58a and digitized packet 58b to IC 22. 

Referring now to FIG. 7 and 8, IC 22 can send data 
indirectly to optical network 12. IC 22 transmits electronic 
packets (e.g. electronic packet 60a and electronic packet 60b) 
where each packet has k pulses, where k>l. The electronic 
packets 50a and 60b are stored at a set of k transistors 62 
and released by clock signal LCH2 to a set of k latches 64 for 
storing a digitized packet. A set of k buffers 66 amplifies 
and delivers a set of the stored k electronic pulses to a 
multiplexer 68 when enabled by clock signal EN2. Multiplexer 
68 is a high speed multiplexer. A laser controller 70 
receives a series of k electronic pulses from multiplexer 68. 
These electronic pulses will power laser light source 72. 
Laser light source 72 will emit a laser pulse when an 
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electronic pulse is high so that packets 60a-b of k electronic 
pulses are converted to packets 74a-b of k laser light pulses. 

As mentioned above, IC chip 14 is fabricated so that n 
photodetectors 24 are positioned on the sidewall 40 of IC chip 
14. Design rules dictate that during wafer fabrication, an 
empty space, known as a scribe line, of about 100 microns 
exists between the bonding pads and the edge of each die. The 
scribe line ensures that the pad structure is secure during 
slicing of the wafer and prevents cracking when wiring the 
bonds to the pads. 

Referring to Fig. 9, the scribe line 90 will be used to 
design the n photodetectors 24, on the periphery of IC chip 14 
by placing n photodetectors 24 at an edge of IC chip 14 behind 
a set of bonding pads 76. A minimum space distance 78 of 
preferably 25 microns is maintained between two adjacent 
photodetectors to minimize the photocarrier interactions. 

The wafer is mounted, e.g. on a pressure sensitive 
carrier tape and diced with a high-speed saw with an accuracy 
of greater than 2 microns. The cut occurs in a straight line 
at least a few microns distance 77 from n photodetectors 24 in 
order to protect n photodetectors 24. The cut IC chip 14 is 
washed, for example, with a detergent solution to remove 
silicon dusto The lateral sides of IC chip 14 are planarized 



-12- 



Attorney docket: 12885-003001 

and made perfectly vertical with a uniform polisher, for 
example. Solderballs 30 are added to IC chip 14 and mounted 
inside cavity 28 of module 18. The dimensions of cavity 28 
are larger than IC chip 14 by a few tenths of a micron on each 
5 side to form free space 38 connection. The width of free 
space 38 is small enough to minimize laser light loss but 
large enough to allow IC chip 14 to expand due to thermal 
changes without cracking IC chip 14 against module 18. As an 
^Jj option, an addition of a faceplate ring (not shown) will limit 
Ho the spread of light. 

Since module 18 is made of many layers, waveguides 16a 
^'^^ and 16b can be fabricated at a precise level so that they are 
Ci positioned to direct horizontal laser light on the depletion 
p zone 42 and the n photodetectors 24. The waveguides can be 
H5 built from one of many materials such as plastic, polymer, 
glass, and so forth. 

Referring to FIG, 10, other examples of the system 10 
include having a module 92 with multiple cavities (e.g. cavity 
94a, cavity 94b, cavity 94c and cavity 94d) and guide-holes 
20 (e.g. guide-hole 96a and guide-hole 96b). An IC chip 98a 

rests within cavity 94a (other IC chips 98b-d rest in cavities 
94b-d respectively) . An optical fiber ribbon 100 with guide- 
pins (e.g. guide-pin 102a and guide-pin 102b) is inserted into 
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guide-holes 96a-96b so that an optical fiber (not shown) 
within optical ribbon 100 is aligned with waveguide 104. 
Optical ribbon 100 is held in place by a ferrule connector 106 
and connector plug 108. 

Still other examples include having photoreceivers on all 
sides of IC chip 14 where there are multiple waveguides. 
Other examples include sending the same amount of electronic 
pulses per packet from IC chip 14 as IC chip 14 receives light 
pulses per packet so that k n. 

Other embodiments not described here are also within the 
scope of the following claims. 

What is claimed is: 



